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Abstract: To satisfy the swampland criteria, we consider the brane inflation with
potential V (φ) = αφnexp(−βmφm), which can be obtained in supergravity inflation
model with a small shift symmetry breaking term in the Ka¨hler potential. We show
that the small field inflation models with m = 1, 2 can easily accommodate the
Planck results. The inflation models with smaller n are perferred while the models
with larger n are out of the 2σ region. In particular, the model with m = 1 and
n = 1 is highly consistent with the Planck observations. Therefore, our inflationary
model not only satisfies the swampland criteria, but also can be consistent with all
the current experimental constraints.
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1 Introduction
It is well-known that our Universe may experience an accelerated expansion, i.e., in-
flation [1–4], at a very early stage of evolution, which was suggested by the observed
temperature fluctuations in the cosmic microwave background radiation (CMB). At
present, the cosmic inflation provides the most promising explanation for the ob-
served large scale homogeneity and isotropy of the universe. Inflation is believed to
be taken place at the unification scale in the Grand Unified Theory (GUT) or below
and is assumed to be described by the effective field theories (EFTs) [5–7]. Such
EFTs can only be trusted if they can be successfully embedded in a quantum theory
of gravity such as string theory. The subset of EFTs that admits the UV completion
are said to belong to the landscape, while the remaining theories instead belong to
the swampland where the EFTs coupled to gravity render quantum theory of grav-
ity inconsistent. The weak gravity conjecture [8] together with the related advances
in string theory and black hole physics [9] have led to the recently proposed two
swampland criteria that can serve as a consistency check on the theory that ensures
it to lie in the landscape.
Recently, the effective field theory for cosmic inflation is under scrutiny in the
light of certain consistency conditions mainly from string theory and black hole
physics [10]. The swampland conditions related to inflation are as follows
• The scalar field excursion in reduced Planck unit
(
MP =
√
~c
8piG
= 1
)
in field
space are bounded from above [11]
∆φ < O(1), Distance Conjecture (1.1)
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The point is that the violation of this bound leads to an infinite tower of states
becoming exponentially light and then the validity of the EFT breaks down.
• The classical break-time tCL is the time-scale after which the classical nonlin-
earities fully change the time evolution described by a free system. In contrast,
the quantum break-time tQ is the time-scale after which the system can no
longer be studied classically, no matter how well one accounts for classical non-
linearities. It has been shown in [12] that for a system with generic interaction
strength say κ, the quantum break-time is given by tQ = tCl/κ. To avoid
quantum de-Sitter break-time implies the following bound
V ′′ . −V, Quantum Breaking Bound (1.2)
• In slow-roll regime, we consider the potential V (φ) away from extrema. The
quantum breaking bound demands that the change of the potential ∆V over
some time ∆t ∼ tQ must satisfy |∆V | & V . Approximating ∆V ∼ V ′φ˙∆t and
assuming that slow roll is satisfied, φ˙ ∼ −V ′/H, we get ∆V ∼ −V ′2∆t/H.
Taking into account that in the slow-roll case tCl ∼ H−1, we obtain the follow-
ing bound whenever V > 0:
|V ′|
V
&
√
κ, de Sitter Conjecture (1.3)
where κ = NspH
2 is an effective strength of graviton scattering for the charac-
teristic momentum transferH, andNsp is the number of light particle species [13].
In Ref. [14], the de Sitter conjecture was first proposed in the context of
Maldacena-Nun˜ez no-go theorem that forbids the non-singular Randall-Sundrum
or de-Sitter compactifications for a large class of supergravity theories [15].
• As the dS conjecture in Eq.(1.3) forbade both de Sitter maxima and de Sitter
minima, a number of counter examples for de Sitter maxima were reported.
Henceforth, a refined de Sitter (RdS) conjecture allowing these maxima but
still forbidding the de Sitter minima was proposed [16],
|∇V | ≥ c V or min(∇i∇jV ) ≤ −c′V , Refined de Sitter conjecture(1.4)
where c, c′ are constants of O(1).
• The awkward looking or in above RdS conjecture has been further refined into
a single relation in [17]:( |∇V |
V
)q
− a min∇∂V
V
≥ b , with a+ b = 1, a, b > 0, q > 2, (1.5)
where the above inequality in terms of the c and c′ becomes
cq + a c′ ≥ b with a+ b = 1, a, b > 0, q > 2. (1.6)
– 2 –
The above consistency conditions have highly constrained the single field infla-
tionary models in four dimensions. Clearly || or |η| of O(1) makes it difficult to get
ns−1 ' 2η−6 ≈ 0. Since the number of e-folds during inflation is roughly ∼ ∆φ/,
which makes it impossible to obtain & 50 e-folds necessary for a flat universe [18].
The field excursions are related to the tensor-to-scalar ratio r by the Lyth
bound [19] as
∆φ ' N
√
r
8
, (1.7)
where N is the number of e-folds. To satisfy distance conjecture and flatness require-
ment of N ≥ 50, we find r ∼ 0.003. This value lies on the edge of observability for the
future LiteBIRD, an experiment designed for the detection of B-mode polarization
pattern embedded in the Cosmic Microwave Background anisotropies [20].
One way to satisfy these criteria in single-field inflation is to consider a curvaton-
like mechanism [21]. Another possible way is the quintessential brane inflation,
which is compatible with swampland criteria [22]. However, the unacceptably high
tensor to scalar ratio is predicted unless the initial state have a non-Bunch-Davies
component. In addition, the warm inflation or k-inflation may also be consistent
with the criteria [23]. Furthermore, the brane inflation in the large extra dimensional
braneworld scenario can satisfy both swampland criteria and the tensor to scalar ratio
constraints. because of the modified Friedmann Equation (See following Eq. 2.2) [24,
25]. In this paper, we shall consider the brane inflation.
From the particle physics point of view, supersymmetry is the most promising
extension for the Standard Model (SM). In particular, the scalar masses can be
stabilized, and the superpotential is non-renormalizable. Because gravity is also
very important in the early Universe, it seems to us that supergravity theory is a
natural framework for inflation model building [26, 27]. Therefore, we consider a
class of inflationary models with potential V (φ) = αφnexp(−βmφm), which can be
obtained in supergravity inflation model with a small shift symmetry breaking term
in the Ka¨hler potential [28]. We show that our inflation model not only satisfies
the swampland criteria, but also can be consistent with all the current experimental
constraints from TT,TE,EE+lowE+lensing+BK14+BAO data in Ref. [29].
2 Brane inflation in supergravity theory with broken shift
symmetry
In Ref. [28], a class of inflationary models were derived from supergravity with the
potential of the following form,
V (φ) = αφn exp(−βmφm), m = 1, 2; n = 1, 3/2, 2 . (2.1)
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It was shown that such kind of inflaton potentials can be realized in supergravity
theory with a small shift symmetry breaking term in the Ka¨hler potential. In this
paper, we shall examine the embedding of such models in the brane scenario.
In the braneworld scenario, our four-dimensional world is a 3-brane embedded
in a higher-dimensional bulk. The Friedmann equation in brane world picture gets
modified as [30–36]
H2 =
1
3MP
ρ
(
1 +
ρ
2λ
)
, (2.2)
where λ is the brane tension that relates four-dimensional Planck scale M4 and five-
dimensional Planck scale M5 as follows
λ =
3
4pi
M65
M24
, (2.3)
where MP = M4/
√
8pi is the reduced Planck mass. The nucleosynthesis limit implies
that λ & (1 MeV)4 ∼ (10−21)4 in reduced Planck units. A more stringent constraint
can be obtained by requiring the theory to reduce to Newtonian gravity on scales
larger than 1 mm corresponding to λ & 5×10−53, i.e., M5 & 105 TeV. Notice that in
the limit λ → ∞ we recover standard Friedman equation in four dimensions. Thus
we will work in the brane scenario with V/λ 1.
The slow-roll parameters in brane scenario are modified into [34]
 =
1
2
(
V ′
V
)2
1(
1 + V
2λ
)2 (1 + Vλ
)
, (2.4)
η =
(
V ′′
V
)(
1
1 + V
2λ
)
. (2.5)
And the number of e-folds is
N(φ) = −
∫ φend
φ
V
V ′
(
1 +
V
2λ
)
dφ . (2.6)
In the RSII model, the scalar and tensor perturbation amplitudes are given by
[34, 37]
A2s =
1
75 pi2
V 3
V ′2
(
1 +
V
2λ
)3
, (2.7)
A2t =
1
150 pi2
V
(
1 +
V
2λ
)
F 2 , (2.8)
where
F 2 =
[√
1 + x2 − x2 sinh−1
(
1
x
)]−1
, (2.9)
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and
x ≡
(
3H2
4pi λ
)1/2
=
[
2V
λ
(
1 +
V
2λ
)]1/2
. (2.10)
In the low-energy limit (x  1), F 2 ≈ 1, while in the high-energy limit (x  1),
F 2 ≈ 3V/2λ. The right-hand sides of Eqs.(2.7) and (2.8) should be evaluated at the
horizon crossing.
The tensor-to-scalar ratio in the high-energy limit becomes
r = 16
A2t
A2s
' 24  . (2.11)
The spectral tilt for scalar perturbations can be written in terms of the slow-roll
parameters as
ns ' 1− 6 + 2 η , (2.12)
and the running of the scalar spectral index αs in the high-energy limit can be written
as
αs ≡ d ns
d ln k
' 16 η − 18 2 − 2 ξ , (2.13)
where
ξ ' 4λ
2 V ′V ′′′
V 4
(2.14)
is the “jerk” parameter.
3 Numerical results
We shall numerically calculate the inflationary predictions and check the consistency
conditions for above both m = 1 and m = 2 models. The inflation path we choose
is between the origin and the turning point φt = β
−1(m−1n)
1
m .
3.1 Predictions for ns − r
Fig. 1 shows the 1σ and 2σ results for scalar spectral index ns and tensor to scalar
ratio r for both types of models. In particular, for the model with m = 1 and n = 1,
the predictions agree with the Planck obervations. For a fixed N = 50 and 60, we
find that the inflationary predictions or observables can be consistent with all the
current experimental constraints from TT,TE,EE+lowE+lensing+BK14+BAO data
in Ref. [29].
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(a) m = 1 with N = 50 and 60
m=1,n=1
m=1,n=2 m=2,n=1m=2,n=2
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0.10
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(b) m = 1, 2 with N = 60
Figure 1. ns vs. r for m = 1, 2 models. β is the variables, and the e-foldings
are N = 50 (upper lines) and 60 (lower lines). The black contour lines are from
TT,TE,EE+lowE+lensing+BK14+BAO data in Ref. [29]
3.2 Ps and the range of α, λ
λ or α should be adjusted to realize the observed power spectrum Ps = 2.10 ×
10−9. First, we need to check the range of A = α/λ in m = 1, n = 1 model
with β = 2, as shown in Fig. 2. Compared with the 2018 Planck results [29],
when A ∈ [3953, 14980] M−2Pl , the spectral index of scalar perturbations ns locates
in the 68% CL bound of ns = 0.9649 ± 0.0042. And in this parameter region, the
tensor-to-scalar ratio r is signifantly smaller than the upper limit r0.002 < 0.064.
To realize Ps = 2.10 × 10−9, we need α ∈ [1.5 × 10−14, 5.5 × 10−14] M3Pl and then
λ ∈ [1.1×10−18, 1.4×10−17] M5Pl. Thus, we can get α ∼ 10−14 M3Pl and λ ∼ 10−18 M5Pl,
e.g. α/λ ∼ 104 M−2Pl .
Form the Fig. 3, we can see that the parameters α/λ and β for the models are
correlated. The range of α/λ increases as β increases. However, the results for the
different models with a fixed α/λ or β are consistent with Fig. 1, shown in Fig. 4.
3.3 Parameters in the model
Parameters in these modes are α, β and λ. Fig. 5 gives the numerical results of the
parameter space consistent with the observational constraints.
3.4 Range of ∆φ
For all of the models, we have ∆φ ≤ 1, and the ∆φ vs. ns and ∆φ vs. r plots are
shown in Fig. 6. Inflation ends at  = 1 since |η| is always smaller than 1 before the
inflation exit point.
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Figure 2. The result for m = 1, n = 1 model, A = α/λ is the variable with β = 2 and
N = 60. The vertical lines locate at A1 = 3953 M
−2
Pl and A2 = 14980 M
−2
Pl . The horizon
lines in (a) are corresponding to the 68 % CL bound of ns = 0.9649 ± 0.0042 [29]. The
Planck 95 % CL upper limit on the tensor-to-scalar ratio is r0.002 < 0.064, combining with
the BICEP2/Keck Array BK14 data [29].
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Figure 3. The parameters α/λ and β for the model m = 1, n = 1 with the constranit
ns = 0.9649± 0.0042 and r < 0.064
In model with m = 1, the slow-roll parameter η is
η =
(
V ′′
V
)(
1
1 + V
2λ
)
=
(
n
φ
(
n− 1
φ
− 2β
)
+ β2
)(
1
1 + V
2λ
)
. (3.1)
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Figure 4. The results with a fixed α/λ = 104 or β = 2
1. n = 1:
V (φe)
λ
=
V/α
λ/α
∼ 5 × 102, η ∼ β
(
β − 2
φe
)
× 4 × 10−3, φe ∼ O(10−2),
β ∼ O(1), so |η| ∼ O(10−1).
2. n > 1:
V (φe)
λ
=
V/α
λ/α
∼ 2 × 102, η ∼ −
(
n
φe
(
2β − n− 1
φe
)
− β2
)
× 10−2,
n
φe
∼ O(1), β ∼ O(1), so |η| ∼ O(10−1).
The potential of models with m = 1, 2 is shown in Fig. 7. The inflation ends
when the slow-roll condition  = 1 satisfied. The points in Fig. 7 correspond to φi
and φe. Here, the parameters α and β are chosen to be consistent with the Planck
observations. As we can see, β is O(1) to realize inflation processes. The parameters
and results are also given in Tab. 1.
(m,n) β α(10−14) ns r V
′
V
(φi)
V ′
V
(φe)
V ′′
V
(φi)
V ′′
V
(φe) φi(MPl) φe(MPl)
(1,1) 2.39 2.38 0.9649 0.0289 0.94 15.63 -10.21 -80.45 0.3003 0.0555
(1,2) 2.37 21.63 0.9649 0.0541 0.99 9.70 -4.66 21.27 0.5954 0.1657
(1,3) 2.33 39.98 0.9646 0.0900 1.25 7.99 -2.71 28.36 0.8373 0.2906
(2,1) 1.56 1.04 0.9650 0.0591 1.74 16.99 -12.34 -14.52 0.3087 0.0579
(2,2) 1.17 3.53 0.9631 0.1091 2.13 11.59 -4.81 59.04 0.5497 0.1661
(2,3) 1.22 5.64 0.9613 0.1113 2.01 9.92 -4.71 56.86 0.7219 0.2719
Table 1. α/λ is 104, and e-folding N = 60.
3.5 Check of |V ′| ≥ c V and V ′′ . −V
When m = 1, the inflation potential turns into
V (φ) = αφn exp(−βφ). (3.2)
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Figure 5. The parameters for m = 1, 2 models (A and β are the variables) with the
e-foldings N = 60.
The (second) deriatives of the potential are
V ′
V
=
(n− βφ)
φ
=
n
φ
− β (3.3)
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(b)
Figure 6. ∆φ vs. ns and ∆φ vs. r for m = 1, 2 models. α, β and λ are the variables, and
the e-foldings is set to 60.
n=1
n=2
n=3
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
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Figure 7. The potential of models with m = 1 and m = 2. Here, the parameters β and α
is chosen to be consistent with the Planck observations ns = 0.965 and Ps = 2.10× 10−9.
The points represent φi and φe.
V ′′
V
=
(n− βφ)2 − n
φ2
=
(
V ′
V
)2
− n
φ2
. (3.4)
1. n = 1:
V ′
V
=
1
φ
− β and V
′′
V
= β
(
β − 2
φ
)
. And then
|V ′|
V
≥ c ∼ O(1) since
φi ∼ O(10−1), β ∼ O(1).
2. n > 1:
V ′
V
=
n
φ
−β and V
′′
V
=
n
φ
(
n− 1
φ
− 2β
)
+β2. And then
|V ′|
V
≥ c ∼ O(1)
since
n
φi
∼ O(1), β ∼ O(1).
The refined de Sitter conjecture |V ′| ≥ c V with c ∼ O(1) can be satisfied. The
numerical results for |V
′|
V
and V
′′
V
are also given in Tab. 1. The (c)(d) of Fig. 5 and
the (c)(d) of Fig. 2 are ns vs.
|V ′|
V
, ns vs.
V ′′
V
and α/λ vs. |V
′|
V
, α/λ vs. V
′′
V
plots,
respectively. As we can see, |V ′| ≥ c V and V ′′ . −V conditions are satisfied.
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4 Conclusions
To satisfy the swampland criteria, we considered the brane inflation with potential
V (φ) = αφnexp(−βmφm), which can be obtained in supergravity inflation model
with a small shift symmetry breaking term in the Ka¨hler potential. We found that
the small field inflation models with m = 1, 2 can easily accommodate the Planck
results. The inflation models with smaller n are perferred while the models with
larger n are out of the 2σ region. In particular, the model with m = 1 and n = 1
is highly consistent with the Planck observations. Thus, our inflation model not
only satisfies the swampland criteria, but also can be consistent with all the current
experimental constraints.
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